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PIBLD OF THE IHVEMT IQ]^ 

This invention relates to magnetic resonanGe imaging of a 
Esjeeal structure, and in particular, but not excluslv-aiy, to a 
tubular radially expansible rrastal structure, and in 
particular to sach a tubular metal structure which defines a 
pl'jrsllt:.'/ or sxpariBibie rings arranged adjacent or;;T; :-;inc.ther 
along i:h« .longir.udi nal axis of the stri2Cu!.;re , an<i ir: which 
each or i-h-;=> tings defines at least one triage f;nd ■j;:-;-: 
ac ] a.-:--n;. j irgs ,beJ c:..q linked by a bridge extendiao; v.- 

structure, and to a niechod ox visualising a lu.Tis^n suppcn:sa 
by such a tubular metal structure using a MRI- technique. 

present in^'entioK has particular usefulness for providing 
tubular structures in the fom of medical stents, 
irrespective of whether they are self-expanaable or foallcor;- 
expandsble, Ti3£-d<£> of a surgical gr«.de T^terial, g^c <-tain -s>? 
steel, cobalt or ^^c*<el ritaniam a^i^v I ^ . 

h-SGi applicationc to j^.wpla-'tts (;:cr r - i 

flow -neasiiri rg df v cc oth^ than s^^i^.^s ^ 
applicatiQiiO . ^ e _,e a -itd ci ^ ^> a I 

arid prostiisses t p^-^ r ir i: arlv ot 1 'toiesv i<v > -^c^ ^ C 
prostheses and self -ex^^ andmg niOK.ei-t^tania'n alioy devices 
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¥!ith Che advent of magnetic resonance XTtiagirig fMRl ) 
techniques, r.he imaging of soft tissue structures in a non~ 
iriv;5.;:;iv-;: f.;-£5hion has bscorae feasible. When a huraari or ariirnal 

m-sgnet ic Eielci (fio) , iihe raagneCic r;omencs associated wit:h the 
spAnt; of r.he s-xpcsed ■storri.io nuclei becofn^ ajlignsd with 

f;he dir--::ction of Be- field resulting in a total magnet iisat ion 
to hQ detected. The direction of this total magnetisation In 
its equilibriuni state is parallel to the direction of tlie 
external ifiagnetlc field Bs, This eguilibriuni state, however, 
iB not static buti rather, dynamic foecauss the total 
magnetisation precesses with the so-called Larmor- frequency 
about the direction of the Bo -field. 

Upon application o£ a high frequency (HF) .signal h«vlri<T a 
frequency 5?qusl to the Larmor- frequency sresonance frequency) 
and esn^rg; n-.j f -s-c;;? a dlrec!:ion different Co tha^ oi the Es- 
field, a apin-f, iip ci l:he nuclei can be obser\'ed and 
associated vvir.h the sp.ln flip, the relaxation tiivsv: reqxjired 
to relax tne spins? back to their original alig.^.srient wiv-h the 
Bs" field can be measured by means of an external coll being 
tuned in resonance with the HF- signal . 

The angle a by which the epiiw have been deflected by the 
HF- signal with respect to the Ss- field direction is 
proportional to the time period of the HF-signal and the 
i^agniLude of the static magnetic field Bs. Subsequent to the 
spin flip,- the total magne'^isation precesses about the Bo- 
field v.'iu.h !: c5e ::riql^: a. ,srid this precessinc i-noCiors of Che 

voitace signa.1 v;ho;~e piagnitude Is proportional co a-.Tsio;;, ib 
proporr lonal f-o r,ne density of the spins and is inversely 
proportional to the te^eracure. 



3 



it the spins are deflected by an angle a of 90*, a maxitnura 
signal response is obtained. Dae to the indi^'-idual spins 
losing cheir strict phase --correiation, the recorded signal 
a-iiplltude decreases exponent.] =aHy w:. th the relaxation time 
T;. Sirr^ulr.anKCusly , the t.oral taattrietisation increases 
-;;xpo!\^:r;::isir:y aqa.ir; in r.he direction of, tns Es-fiftld t;Dwr:i:;ds 
the equilibrium! (nague'-:.,; s-acion with the rel -sxriit. t. :ifr;-;: T: . By 
ftisans of inagner.:c gradiynt-f ields S'Adtched or :,t: th-,. r;:iTect 
point in time, it Is possible to imae the Cwo relaxatiori 
times in a grey scale encoded image with spatial resolutionv 

With the discovery o£ supercondtiotors having a transition 
temperature above liquid nitrogen temperature, 
superconducting jsagiiets have become widely used, and thus 
hava rendered MRI-^ imaging ti&chniques more ccst-ef fective, MEI 
iniaqinq techniques have so far been predominant Xy used for 
iuks; ^u.£t tissue structures* such as the human brosin and 

Iiiipiants, Such as wascular gzaits or stents, are 
predoTr!in«ntiy rrsade oi: bioconspatible metais. These ^.etals 
sUill prefsz-red over their polymeric-based competitors. 
Hickei -titanium jilloys are attractive in that they have good 
f atigue resistance and a rsesiory which brings them to the 
sibape desired upon deployment. Stainless stsel or cobialt 
alloys are other biocoiRpatible raatsriais used for making 
stents . 

Tneie nas ^or.g been a ftiSA to a<=*Lerr,i..e f'^e r-'-'^ i 

tVw thjough the ater.t lumen at- vs-- ^ as tn .j<'^. t ^ o 

-'t.^^-r,. i-i o^-der 'o exan::rr the >" • ■< - ~ t 

; . a X 1 J r- ^c^-v-up '^y.a'n na s .S: ' i:ter 

heip ^^tenr: designers to optlTatie and i-^pxr>^'-^ tfir ---- 
stiuct?..res tr. terms ot avoiding iestenoe ij iro > '..c -r j ^ 
v»ell rtk' to help t/.ie medical piacf - 1 - 'jner to exactly dctertrms 
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the extrerit- to which resterioais inside the stex^t lumen re- 
occurs after it has been deployed inside t:he human or anirr.al 
body in ordei: to specify tnore precisely those masures for 
treating the resfcenossd region in an appropriate and tisnely 
ma nner . 

Ati.-yc;5p-..s Cv;- M;<I-:.(nage the blood flow and t:issu~-.ingrcv.t.h in 
zh^ vici.'Uty Qt" a irsetailic vascular implant are iirusurau'sd , 
or at least impaired , by the ferrofnagnetic or paramagnetic 
characteristics: of the materials of the irtsplant^ which result 
in artefacts in the images, which reduce the quality of 
these images down levels too low to be useful. 

On the one hand, these artefacts are thought to be due to 
differences in susceptibility betv/een metal and tissue 
resulting in inagnettc fields xn prox-ifnity of the metallic 
iirolant b«--ng non-uniforn ,-ind t;;ult.idi ,r.ecticnal , thus 

of Lhe ;.IF- signals ut-ed is su;:h "har. rhe ivapl.^at is, cc a 
certaiin degree, i;-^\pei>jtr:3ble tc the HF- signal, i.e. T:he 
penetration of the HF'-aignal through the implant is i;T.paired, 
Hence, f-he image of the ijrsplant lujneii or the body structure 
therein has been seriously compromised. 

These disadvantages reduce the effectiveness of MRI-itnaging 
techniques for irnaging patency of vascular metallic implants ^ 
and consequently, X-ray fluoroscopy with ail its known 
disadvantages {invasive> ionising radiation) is used instead. 

?^0- A- 5£.''3^<oa3 di.^^c;o.ses a probe h-avlng least one pair or 
eiongsccd :;:leci:ric«l conductors, preferably di.sposei pai-.;s,: ie.: 
to each orher within a dxelecti-ic 5r.ater.{ . or;d hi?v;:v:i s pa:r 
of end6 elscnrically connected to each other. This proi-Hv: thus 
formed is, in a preferred use, introduced into small blood 
vessels of a |satient to facilitate determination of 
arteriosclerotic plaque using an MRl~iEnaging technique. This 



5 



j?rQbe, hawever:, is electrically conductive along its entire 
axial length, thus pi-aviding a Paraday screen to minimise 
dielectric losses be.tv#eerj the prabe. and tUe surrounding 

material , 



I " ss:, { - d Tt r*"e stents ' . - ^ , ^ri". y 

e -'-v'. ' or-t-ntea ir r^oparate planes spaced, a . .Iv -"'xon 
e.-j". < ,'-e^ i:.:3w". Jixcunierential element incluJes v. ^savo-A.h^> 
series o£ cujrvatures- Each curvature includes a trough, 
defined as being that portion of each circumferential element 
which i& most distant from an adjacent circumferential 
element, and a crest, beir^g defined as that portion tsf sack 
circwmSerential element that is closest to an adjacent 
circuTTsferentaal eXesnent. Each gap between two adjacent 
.:::rr.x,u fers'.'-; r'of-n £.pan:ied by at least ^ne ax^ a' 

ele-ner.v T:.-. , . ^xe either tic bars or dO'i.:>1e- 

:^t:-'d „.-<o t, < - ~ . ^<-_^rh t".? s-ent gr.r, t r;-' 

3cd5" c->.^.\ -nc'ude . r i\ ^ixk.x.^ ,s'"^cn ::r.crcas3e> 

the viii&ility of pciticrc oi Jai. sLe\i h; \ .K.^jed witn a 
■^edic-al i>^.acin9 device such as a f luoro^c-oi, e . 



U^S- A- 5,. 1:2 3, 917 discloses an intraluminal vascular graf t in 
which separate scaffold msrrsbers are sandwiched betweei^ two 
PTFE inner and outer tubes. The ring -like scaffold me^>bers 
are made of staiiiless steel and are expandable upon 
appl-catlor. cf a radially outwardly extending force fro-n the 
i;l-i^.^ >f tt" ^'-.ncr ru' » Th(_ varru^-ir iirtf- .nr\.-:e'^ -o 

li- Tie FiFE 3:ine£ srA outer tabes which hold tne va.%cvv''<ix 
graft toaether, 

toother intraluminal graft for piacef?,ent in a body lurv-?;-; is 
disclosed in US-A--5, 122, 154 . The gxvift corEiprises a plurality 
of stents which ?say be completely encased in the graft 
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tnaterial, the graft T>aterial preferably beiiig made of PTFS, 
m this intiraluminal graft, the individual s-cersts are spaced 
apart axial ly. The only link between adjacent stents is the 
PTFE qraf t jnaterisl . 

itP-A-l C22 -309 disclosea stent,- yaid to jr>f; ooippatibJ e v,.;f;h 
'MR I - i :;!:h9 :i no techniques. The stent has d st: rucu ur;5 J skeleton, 
-.which pi-ovided with s^^.etal coating portions th?.r. runct.icr. 
as an inductor and a capacitor. Here, the induc-:;r r^r^d 
capacitor may be co-terminous witih the skels-tor- x^selri, or 
may foe separate^ devices attached to the; sksleton which are 
linked in parallel, to one another. The inductor and capacitor 
represent a hartnonlc osci:.Uator which is tuned in resonance 
with the HF-signal of a MRI-imaging apparatus. 

In case of the skeleton being co-termlnous with the ind^^ctor 
and the capacitor, the stent trsay consist of a structure o£ 
twc or tnore layers, in which the first iaye;; chs: skeleton, 
cnade ;jr..- of aia£«:ria':. hetving a relatively -ow ■:• ■ sctri ca :, 

electrical conductivity in coni^parison v^iuh the rirst layer 
and representing the inductor and capacitor nRaterial, for 
example gold or silver. The second, highly condijctivs l-sysr 
is cut along circumferential paths d-uring manufacture of the 
stent , This way, the stent structure comprises several 
inductors v,"hich are connected in parallel. The capacitor is 
formed at one end of the stent structure by cutting through 
the highly conductive layer along a relatively short axial 
path being perpendicxilar to the cutting paths forming the 
iad\!ctors. In operation, an amplification of the excitation 
of vhs r.uciei spins by means of tha resonance: circuit. I.e. 
rhe laduccor avs} car.-sci tor , 1 a ::;\;c ;;•■:] Theref re , position 
dst, 8 rsr-i nation of the stent may bs achieved. Furthern-orr.-. . 
based on the different excitations inside and outside of t:he 
stent, flow rate measurements of the niediua^ f li:sv,';£.-iq through 
the stent or along the stent can be performed. In the 
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str^icfcural skeleton of she stent itself, that is, the first 
l«y-::r-, irhere sirs: no tscri-itss in the niesh-struci:are of. lh&. s\.~nv 
K.c-i,ic;; v.■x^^Jb:it portioaa of decreased conductivity, cr dre 
sritirely severed so that gaps in the mesh-structure would 
app;;:or. The. only gaips are in the second layer for imparting 
uo the stsnc the property of an harsnonic oscil3,wtor , 

WO--A" 01/32102 disciosey si cut>uiar structure having a 
plurality of meander- shapsci rings. 

In ys^A-i5,307,24i a beridsMe endoscope Is disclosed which 
comprises tuibe sections so: that neighbouring tube sections 
are conipletely inateriaily separated fronvane another via 
circuraferentiai separating gaps and are onXy connected to one 
another by s-fieans of a positive fit. By providing an 
appropriate nurrJjer of tube sections, a flexible shaft rr^ay 
fcrt^^d. The manufacture may be effected by laser -cut ting rrofn 
a rigid tnhe. 

US-A-r>,'Ml,:>27 dlsclos-L.; r;Kr. i-lly -..-.p^ir-dable sur^uo-ui sr,-.-nt 
■with radiopaque marker elemeaLs In tbe term of rings attached 
to the ends of the stent. The radiopaque marker elestents 
include tabs which nsatch the contour of receivers provided at 
both ends of the stent for secure attachment. 

An expandable; metallic stent said to foe MR I -compatible is 
disclosed in published US application no, 2002/0iS834S Al, 
The stene has discontinuities of non-conducting material. 
Tb6S& eliminate electrically conducting paths irs the stent 
L:in9,s, Ihis irsakes the stent easitsr to image v;ith Mh;! . Tlje 

adhei^ives, polvir.ers, cerasriics, co;;posir.es , nitridss;, 
oxides, sllicides and carbides, Tne dii^con- inuity is 
pre£ers.&iy shaped that during expansion the dlscontiraii ty is 
placed in primarily a compressive stress. The disGontinuitles 
are advantageously placed circumferentially along the 
stent ing rings. 



It is ?.n objecr. of the present i-ivention to provide a nebular 
metal structurr- , sucn as a stent, which allows MRIo.n-.aging of 
l.hn: iupiers ;v,it;hln ■■.he tubular metal s f. rue t: ur& , It is .hIso 
anorhev obj ecrfc of the prf:sen^ .invention n-o provide & turjuiar 
strucfcure v/hich permits improved determinatioxs, oi; the iiuid- 
flow through the lumen of the structure by means of h^Rl - 
xmaging. 

This ofejact is solved by a tubular tnetal structure having the 
features of Lndtependent claim.. 1 . Further embodiments 
described in dependent claims 2 to 19. 

Another object of the invention is^ to provide a. raethod ot 
rr;anu.f actxsring such a tisbular structure, 

Thif-i cb;i..-tc:;'. is siolved by a method defined in clain; 20, 
Opi,iona.l or preferred features of the method ar«s subject of: 
dependent ciairns 21 to 23. 

Another object of the invention is to provide .-s raethod of 
visualising a stent sd lumen using a MRI~ technique. This 
object is solved by a method defined in claisn 24. 

According to one preferred ensbodiment of the tubular ntetal 
structure of the present invent ion > the bridges linking two 
adjacent meander "Shaped rings together, comprise 
compie-entary Tisating portions as the portion of reduced 
crond^ictiviny . In case that these mating portions are of the 
typ;;: of ivia.le./ i:-:;:-riaie f orr;; • f i tt .i portions, a rapid conn-crion 

In another preiierred f;JTTii>odi:Tier,t ,. these for;-i\-fitt.i.ng portion-y 
may hsve a frusto -conical shape. If the stent niateriai is cut 
by a ia.3er with its line of action always being radial to the 
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stent cylxxidsr, a f rusco-conical rorjis-fit between the two 
compXeiiT^entaTy foxTti-Eiuting portions is achieved, thereby 
er.ha3xcirs<s tha security of attachtnent and th« precision c.£ 
placsa^ent. of both corr.plenientary form- fit ting portions, 

I;- cicco.- drinc" wii-..h a::Of.he.r preferred ecabodii^.ent at jeasi: ovie 
oi Che r;iiil.ir-c portions is encapsulated in a bio~co;r,p3r.ib.I e 
adhesive having poor siectrical conductivity for enhanciiig 
the rigidity of thB bridge and for providing a portiea of 
reduced conductivity. This bio-conspatible adhesive mam&ms 
the maxiwum i^ensile force the bridge is Cwpabls to withstand 
upon radial expansion of the tubular structure and inhibits 
the ciirrent flow frotrs one end of the inplant to ths other. 

Tl:, accordir.s to another advanr^ageous eiT^i>odin-/:;nt , at li'ast 

porLiori oi" riduced ;:'j:iduccivicy, the b:o-co';T.pat:.hi c- adh'Ssive 
do&s^ :iot necessarily have to he non ■ cond\ic t; , Ih-i; oxide 
layer can Siiuhsr be crested, as described bsiois', or can be 
th^s naturally occurring oxide layer on the surface of the 
metal . 

Pal oxide layer as the portion of reduced conductivity is 
preferred due the ease of creating the oxide layer on at 
least one of the mating portions- One way of creating the 
oxide layer Is to radiate one of the matitig portions with a 
laser, thus oxidising the metal surface of chat mating 
portion. Another way is to immerse one of the fs^ating portions 
in an 07.idi3i"9 agent, such as a Lewis acid, or sub;ieci; :.u f.o 
sn anodic oxicization; process. If the ter?<perw';ure 3enera,',v?d 
during Jaser-i-i-itting as ,su£ficiently high, zhen cxidi st: i-;;ci 
may already take plac5> curing the laa;er • cotCing sstep so that 
the above -des.-;ribsd ?rxr.ra i-tepo, c,:: i:'^n:drs:ng ■lns^ of the 
ts^ating portions into an oxidising agent or subject irig it to 
an anodic oxidisation process, may be omitted. Depending on 
the magnitude of the voltage induced by the tirae- dependent 
i-^agn&tlc field in the mear^sr- shaped rings, a very thin oxide 
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layer tnay be sufficient,- such as the naturally occurring 
oxide layer on the surface of the metal or a very thin cxide 
layer created as described above, to prevent current- 
breakthrough between two niating portiortvS fQ.rT!\ing the bridge. 
If the voltage exceeds a certain level, the addita^cn of a 
non- conductive adhesive may well be suitable to prevent such 
current -breakthrough . 

The exicr. shape of the outline oi each cf "ih^^ ^-satrin:-: 
portions, and the exact shape o? the abuument surfaces on 
thetn which- contact each other, is a matter of deaiga frsedc-. 
and choice. At the trscment , for tubular structures: which are 
ster5ts, it is contert^lated to provide the two mting porticr.s 
as two complewientary form-fitting portions one of which ia 
the male raating portion with a mating head portion, and the 
other one of which is the fesnale tnating portion with an 
arcuatti portion, such thar. the female matinc portion 
.coitiprises a rsbaced incernal abutment surface to receive ths 
corresponding mating head portion. 

If the c\vo co:t!ple;Tientary form-fitting ports en.-: for;n.i:K; th'i: 
bridge are -created by a laser-catting proces;^ . v,nj. tj^e 
laser beam lie.«5 on a raditis to the cylindrical for;.-; o: the 
workpiece, the two mating portions automatically cou-priise a 
frus to- comical shape, which further provides a snap-fit 
inter- engagement of the two ntating portions, further helping 
to sccossplish precise positioning a«d arieiitation ox the two 
mating porfciGns relative to the tubular structure. Further, 
if the co-operating surfaces of the two mating portions are 
both cut with a lcu?er on a radial line of action, th-n there 
will tend to be a sel i; - ceni:ering and sel f -aligning efface, 
when one n^eander -anaped ring is offered up, end-to-end, to 

:io j is -.-e ■-<;-. fr;s-3:\der -3h.=iped ring, particularly v/ith self- 
expandxng sceut designs. 

If a steerabls laser is used for laser-cutting, the -cvo toz- 
fitting portions forming the bridge vnay be shaped such, that 
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they are iriter-locked with each other against inadvertant 
separaL;; .-.^n in as?;:, eitrher radially or axiaily, ^et they are 
separated i:h-;:5r:;i;el ves by .:: f ilm ol oxide. This can bi- 
as one ;id.vv;nces che laser beiiru around the ci >-ca;rf eren^e of 

caa c^ao create, for exarrtpie, cuts through the v/sll tind ckc^ves.;; 
whicit exhibit two f rusto-conical zon^s in one of which the 
cone tip lies on the axis of the stent cylinder and in ehe 
other the sons tip lies outside the stent cylinder, such that 
the connecting portions are interlocked and not. separable. 
This TBB^^les s j if- saw with aiternating tilted abutment 
surfaces. Due to the laser focus ha-ving a certain v/idth, 
there is a gap between two ad^lacenfe bridge ends of the bridge 
providing sufficient room for the portion of reduced 
conduct ivity therebetween , 

It is to be noted chat the same eifect can be acrnleved by 

laser on a radial line or accion. The einbosa preparation aitas 
to impart tilted surfaces on the two form- fitting portions. 

In another advantageous efTibodirnent s the length axis of the 
bridg®: is not parallel to the IjQngitudinal axis of the 
tubular structure. Such a bridge with its axis not being; 
parallel to the longitudinal axis of the tubular structure 
can give the overall structure enhanced flexibility, 
particularly when the structure is confined wirhin an ouiter 
sh~:H!:h and is advanced along a tortuous path xvii:hii; a body 
lursen. According to ouher en!t-odir!jenr.s of fch~. presenc 
i;;v&nLion, the bridge n-,ay be. meander -shaped or .S--shapu:d for 
the same reasons, 

A particular ad-vrantagsous erjlbodiment proYxdes a tubular 
structure vfhose nuttsber pf bridges is less: than the number of 
meanders in one circumferential ring. In finding an improved 
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Structure well suited for MRI -imaging techniques,, one can 
choose -CQ reduce the nufEiber of bridges between two sdjacerst 
rings down to a sfcructnral ?ninimun5, 

A pravtuc;;! vr.iriimuni riurrdie.;- of br.v.k:?.-s bstwsen adjacent rings 
irvsy be low r,s 2 ;:.eE circurr.f erence , The riuaibeE', howev«?r, 
niay dd-pena on uh-r mesh- st rxiccure of. the tubulj^r structure «nd 
whether: the st ruct u?:.'e. is self -expandabie or ballon- 
sxpaadabla. The mechanical requireinents ors the mesh struoture 
of a self -expandable stent vary from those of a balXoon- 
ejcpandablfi «tent due to the stress- straift distribution withir. 
the snesh structure of the stent * Progressive release of a 
self -expandable stent by proximal withdrawal of an outer 
confining sheath creates a travelling zone of enhariGed stress 
in the stent:! r.q tr.a;:e.r:ial as the sheath travels along the 
length of the sten-c, T:us is to be compared tvith a uniform 
radial exp.3n,-3ion by inflation of a balloon within the lumen 
of r,he st:ent . For baiioon- expandable suents, there n-ay not be 
a restricr.:ion on the nii.nlssujr; number of bridges betwsen 
adjacen-;; acent-i-ig ri.r^s. The nuniber of brj-dgis, hOsvev--.:r, can 
be chosen according to the mechanical requirements on the 
stent, such a$ flexibility required £ or ease of advancing the 
stent to the stent ing site:. 

In another preferred embodiraent , the meander -shaped rings 
exhibit a zig-gag shape. The zig-zsg shape of the rings 
offers good radial elasticity of the tubular structure. Upon 
release of a self -expanding tubular structure out of an outer 
confining sheav,h, the sig-zag shape can relax to an expanded 
diaraete:f, AIchm with this expansion goes ictiproved f]=;>::.,biiit/ 

directed pressure from the surrounding bodily tissue in zh& 
installed conf iguration of the structure. 

One supposes that the HP- signal is more likely to penetrate 
the metallic tuhular structure "because the tubular structure 
is no longer x^esn by the HF-signal as a Faraday cage, and 
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Lherefore the HF-signal wii ,1 also cause a spin-flip of the 
nu';lc^i v/i-L-hi" the luriien of che tubular structure. Hence, one 
Si.ippcf,er>. less arr.fefact« will occur in the obtained MRX-inaae 
of th'^^ j.u;v;en, ■ihereby facilitauing imaging of f-h-? p^sr.f.cr, 
such ai: V. issue v,li:hln i.hss lusnen of a body vessel. w:i t.ivi r. tine 
luTJier* of cne cubular structure and deterrainatrion of fiuid- 
flow thsrethrough. 

AGcarding to the second aspect of the present inveKtion, 
there is. provided a method of manufacturing a tubular 
radially expansible ttietal strueture, the nsethod eGmprising 
the steps of; 

forming a plurality or exparxsible rings so that the Jrxnqs are 
^r^a^ -Ci. descent one cs »other along the lopg^^tudmai »x^fc o- 
t- e str_-;' and that eac} o£ the rings define at leas- o s 

Griaae strut; 

respective briacrs struts ot adTacent rings; 
chasacterxseid oy the step of 

f urrsivShxiia the bridges between each ring and its ad3 scent 
ring with reduced electrical conductivity throughout tne 
wall thickness, such tna;: there are a plurality of bridcses 
o St -"b^tsd th->^ouqho-tt rhe length of the t. bular iStrv-clure, 
a^o viixanged a d corx iq ired f-o divido t^no tubuiai ."tr ct are 
into axial ly spaced ana electrically insulated seotions, 

c it. ..no V.S oi th s met. oa are subject ot dcp'^ da»>(: 



p50<.'idt,d a metnoa ot visualising p -v-rtca iuTen us^ iq .'^RI 
u iqu« whi.CA \s chatarter >.seJ oy f-'c £> ep of r:2^cciix<j ~or 



14 



msulatea metal scennnQ rings. 

> ^ <■ >■ i - u -Ti^ c*- -nt pic^oi-t re oi <^ t: c 

e<v ^5 ' ow t< naJe, ty v^ay example v.} o 

aceompanvinq drawings . 

BRIES' DBSCRIffTIOM OF THE DRAWINGS 

Fig, 1 iS a side elevation of a tubuiar self -expanding 

stienc structure along a line whxch intersects the 
iong axis cf tne tufas and is perpendicular to it, 
the st;ent bsing in its larger raaius deployed 
conf xgusst x&n; 

Fiq <i ^ -spet. t . » ^ r ccrneo" < J '-to 

* cr3 o t-^-^^- aw>,^Qv^c * ^i.-'d - lo ^ at 

r<^o e^t^ c-dG or -nc i»»na i, i -o ^ j ' j.e 

ri.< **«rd"« forn-£iiting por:^i^ nts to oe ocrrrcted 
with Eurtiser such rxnqs; 

Fig. 3 IS a perspective view of the two meander- shaped 
rings shown in Fig < 2 separacsd froTR each other; 

Pig, 4 to 6 are schesjatic views of different bridge 
construct. iotiB . 

DST ATLkD DK.^CRTPTiC;^ OF A PR EFERRE D EMBOD JM Et^T 

Skil led r.-^-.si'iri- v.-.- H .appreciate th.i: -ihe stent cylinder can 
be ■.•orr,£ ; tror s^i^rrues? a r "--.5 ■; ; al ,, or tronri flat sheet 

niatsriai roiiea into a sean^ea tut>e- 



Skilled readers will also be well aware that there have been 
a v&ry large nu??5bar of proposals for strut patterns in the 
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tubular c:or\f igurations o£ stents. Whereas Pig. 1 shows an 
expandable strut pattern in a forns which is particularly 
preferr*?d .Cor the pres^jnt invention, nevertheless amy of the 
■sell known st rat patterns wixl have points at intermediate 
portio.n;? of thc: e-ient cylaadet: whers individual adjacent 
rc,tj.;;:i-Jev- i^hsiped r. iny« ran bv a'; cached to one ajiother, 

cQjrjf .>.our<sr.io;i. A;;; can b;:; s-eer. ir^ Fig. 1, t-.hf: s'eri: oyI:.nd«r 2 
i£5 conr>::a.tuted by cx succession ot struts which sig-K^y th5i.i,r 
way .around the full eiromnference of each, individual ring 4 . 
There is a vertsx 12E where two successive struts 

intersect, and at some of which adjacent meander -ishaped rings 
4 ars jijined, Jvlbelt Fig. I shows a stent cylinder v/ith 
flared ends 6 for better anchorage of the stent Gylinder 
.inside a foody vessel:, the present invention is not intended 
to bii liiTiited to stents with flared ends. 

In tn<;i illustr&Led exdjodiment , the S!:ent is ^-^ads froTs 
bJit.ino.l®, 3 uiokel" ti tar.;.um shape nien-.ory alloy. A vari.i'nt o,v 
the S"ent, shcsvn in Fig. 1, may comp.rise tant^ilu-n £;>coti.s at 
both axial ends thereof vvhich help v'is5uails.ir.g f.ne sreru. 
using fluoroscopy. See Appiicanu.'s WO 02/15820. in other 
embodirrsents, che stent could be made of sta.inless steel, cr 
any other biologically compatible conducting matericsi capabl:; 
of perforuiing a stenting function. 

It is conventional to form the lattice pattern of tlitinol*® 
stents by laser-cutting. Cutting the frus to -conical mating 
suriaces of the .body portion of thf; stent is achieved by 
aligning the lase.:: in the normad , i.e. radial d.1 rect ion , t.nuv 
irif.ersec-.ina the long axis oi the st-r.;: t:;.ibe. dice i-h-i: aii::.;; 
m the wr-rkpisce oi; Lhe .=5tent tube ar:^r c;ut, tv^osk. h-^t not i 
of the vertices axiaily connecting two adjacent rings ot the 
stent tube are severed, and only a few remain connected in 
order to isaintain an integral tubular stent structure. The 
smaller the nurRbe.r of connected vertices y the greater the 
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potential the scena has to band out of a straight line as it 
is advanced along a tortuous path to the site of stenting. In 
addition, the flexibility of the stent after deployment is 

Aii: C;Ha c>t-.: rius&a 3,n F.ig. , the bridges; .12 connecting tv/o 
adi:i:c-£;ii;i vertices 12h, 12B at tvjc ends of a stent r3,ng -t 

renciers the ovsrall strocr. ;.:>:•■:-: in j; radiai.ly cor^pres^sed 
configurstion more ?ley..i.bie, bo that it can bs-. rnorr;; easily 
advanced along a tortuous path within a body lumen. 

Turnins no'*? to Wig. 2, it is shown in more detail hov; 
individual rings 4 of the stent tube 2 (Fig. 1} are connected 
with one another. In CGBtrast to Fig. 1^ the stent cylinder 
is5 shown in itsj radially CQttjpact disposition. In particiilar, 
attention is? driTsV/n to the constructional details of. the 
cor^:-:e;.:L.; poinu-s; .1.2, i.e. the bridges connect.ing ■:.h& 
vert ice- ;j 12A, 123 tv/o sid^acent rinqs. Fie. ;.; illiict. ^ a r 

14B av„ bcth axial ends of each of the rings 4. All of the 
bridg« struts include a straight portion provided for 
enhancing axial flexibility of the stent tube. 

The protruding portions of the bridge struts 14A, 14B can be 
classified into ma Is portions having an arcuste head portion 
ISA and female portions haying an arGuate recess portion ISB, 
The f^vr.iilfi- port:.:oris coraprise rebated internal abutment 
yurtacesi t:o receive t.he complementary arcuate male head 
portion. Both n-iale and fesnale portions are frusto- conical ly 
yh?,sped -iu-^ to the laser- cutt;.ng process, a,s dej;c!:lbed 
proviou^7.1y . ThUi?, due to the compl esnentary ■■ sfiaped rruile arid 
f e 1-h c-orJ; ions; .. they represent a fornv-fit v-h&n connected 
togetas.:: whacin. give® the male and female portions excellent 
attachment security and the bridges are thus ssif -centering 
and sel f - a 1 igni ng , 
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tae j-umxnal ana ablunsxnal maiGi? svjrfacea, out of 
uate nead porfcion and the arcuate reces^ ports ion 
rc he sate r« 'S^as of ''u'-^,'si„L re a-s the major 
^^^j ^xi<i^ Tiiio loivcver, is not 

^ ^ 1 tl- -^ant cylinaer ^ Lnitiaiiy 

^ ^ tr< i c 5 - <• r i >ng on 

in { g ^ ihe ratio or r it i ^ Q£f i ^o. i. >^ c 
a^b 't f ei,"'s. of tl o rngs at wh:ich '■it briaat B'-in.t^ 

14A, i^B are eut-oti; durxng zhe laser-cutting process, can be. 

n»ci as 1 to S or i=v«n 1 to 6 depeudx g cn Mie dec cr-* 
f^e si'-r.jct-ur" .Std for stent. It qc&s t, Yoxx^ no 

tnat ZMB nuT>ber oi: tnaxe portions corresrsonds to the nutnoer ot 
fsniale Dorzions, ihe numoer, aowever, can be readxiy chanqed 



.■'urth'^'-^oi^s 



c\ <- ev. >ai eg t\e ^ 
"o. --^ t..-i.. rt_c i. £,o u « rj'">i } D „^ '■^'^ 

r"- s„=>c -._v,a_l ^ '<u <■ Q ip a-^-^ti'^r xr tr5.^i. x> ea 

-viitu ilv «■ ectfc:;* cond\.ctiv^av,> that i e' iecti-ve to 

improve MRI-;amac!iBcs of the stent lumen. 

The skiiiec reacser wiii appreciate tnat other or addxtionax 
'\^YC x>rov-di -g reduced co'':3tsctiViLv portions i--'-^ --satt- 
:3st-5s,es I t •'e tv.o "'i^ting portions of two adiaret f 
co^v.fc.-'axSle euci a«? iT-ners nq eit «^ l. v. 

^ ^ -ort^OiJfc „ ^to a'4 oxid-fcng cci t ^ -^i *■ i - or 
bcr.h oi-" ;:he rr.acing portions v;ir,h a laser, th-iireby gd'Xierat. ;i iig 
suf i ;:: leiit lieat to oxidise t;haii: srietal sLtr faces . It is 
conc« 1 Viiblffi "ftat the natuiraliy occurring oxide layer on the 
surface of thft -rsetal stent sKighs:: be sufficient for providing 
iihe conductivity break, especially wheii; the two mating 
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port ions are not in physicaLl contact with each othet ,, such 
that a small gap exists therebetween. 

The thicknes'^ of." rhe ojiide layer depends on zhe time pei'iod 
and the intr'-nsi ty .:f the lasf^r used for radiatinc! one of the 
■r^at iri<; pert. iL: ri;; . 'nk' thickness of this oxid^s layer should be 
s-.;i;ii,;ieriL thai, t^'n-iu uhe current anduc^-d by tne external 
nv;3gne'^. 1..- ;'.'.ieid c=xceeds -.J certain ieve.!. a c.^ 
breaxr.hrouqh betvjeen tvc ad^jiicent rij^cj-^^ does nol cc^u;:. y.: 
rr-ac "he quality o£ the MRi -image of n.he scent tube vviil not 
be dsteriorated by artefacts. 

Tfee skilled reader will also appreciate that other ways of 
sjonneeting two adjacent rings are eono^ivable. Thoss 
alteriaatives include plug-and-socket type connections, 
spigot -shoislder type connections, bolt -sleeve cype 
connect: .ions, clamped arrangecnsnLs, giue-type connections, 
nixige-type conns^cllons whxch further enhance axial 
£iexibil.i :-y oT thii-. scent tube, thread-eyeiet type connect:ions 
in v,-hir.h a thread io ted thrDugh respe;;five --yclett; at =T>Jc.iai 
ends Ox. zhe rings and subsequently, the rv.fo ends: of ;:he 
chread arc knotted co the eyelets of the rinos for holding 
the rings nogether. It is also conceivable using sleeves for 
conneicting as:ially protruding bridge struts of two adjacent 
rings, thereby pro^riding a stent structure in which there is 
no axial conneetion of two adjacent rings except by ths 
sleeTSS {Fig. 4) . The sleeves can be jnade of a material having 
lo%^ eleGtrical conductivity- The: protruding bridge struts of 
two adjacent rings Siay comprise ths shape of a bone 
structure, i-e. the diaTneter of the protruding portioji 
increases towards its axial end. 

v'vhen ia.":;ei-ti:iq the rsiale f ortEi- f it tix">g portion into the £tvs"-5i«: 
fQrin-liti; jaig portion, shesg two portions stay together upo;-- 
radial expaiision of s.he stent- tube solely due to their 
compiensentary form-fit- The isaie portion is inserted into nhe 
fesTiale portion radrlally inwardly due to their radiaLly 
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tapered shape, so that; upon radial sxpansian of the stei>tlng 
ririss, tbe feraale portion can pxish the male portion radial iy 
outwardly, thereby pressing the male head portion further 
inwardly iato the female recess portioii against the re£i.au.ed 
interna;. ;jbur..;Tien:: surface of. the fen'iale portion, Fric;-, ion 
becwe-vn J;he consp ] efi-eru: =u ^; y rsiale vsxvd fe;naie porr. ioriK raay help 
to improve; the rigi.(ii-cy of the coi>nection, Ssk above 
;-;:^;nt: i ;:'necl ;vO C!2/::b32G. However, this effect rrsoi-e a-nenable 
to appl i. Cr.it. ion in bailoon-expaadable stents, uhan U- ii" in 
yei 5'; -expandable stents. In self -expandable stents, upov- 
deployment of the stent by proximal progressive withdrawal of. 
an outer confining sheath, the angle between the released and 
uar^lsased portion of the stent; can be large enough to spring 
the male- female bridige strut engagement apa.rt, at the masrsent 
of release from the sheath. 

A biocompatible adhesive, although not necessary, inay be used 
to permanently attach two adjacent rings v/ith one another. It 
the biocortipatible adhesi.ve i? moreover xvon-conduccive, i:he 
extrs oxide layer createc i-^y, o q, immersing av leanr o;ie ot 

'Sa v^.N' ;}-. , -;;y bi; o:;-iLLel. Suitiib'ie^ <^d:;t-sive3 nsay 

inol!.:-de polymeric based adhe sdves, such as parylene, 
acrylasie, silicone ^ FTEB^ and stable or biodegradable 
adhesives. kn example of biodegradable adhesive® includes 
IsGfcide acids. Biodegradable adhesives are thought of being 
advantageous in that they render:: the stent structure mare 
flexible after deployment and once the process of 
biodegradation has started. It is also contemplated coating 
the azi'iily protrudiiig bridge struts with a non~ conductive 
c:-:.uv. mc;. Suitable coatings include diamond- like carbon (DLC; 
coatings, ,S:i.C, SiO^ or csrajnic coatings. 

Linkage between tv/c ad-j«cent .rings via connecting two bridge 
:-jLrui;;i; ,J'a;;i ric; each other can be obtained by using ;;he 
adhesive or coating itself as che linking fneniber, or by 
.bringing the bridge struts in close proximity with each other 



t;hart,b> <i:~ii,dt xu yi t'lat rc d^^rev. c contact oetvsan *■ ■'e br-acc 
<^-\as xs es sibi,.»hed re ther wxti^^n ror ou*-siv.^e «'h'=> 
& ecv«< ov •s='f the "iat^&r aoe«s nat excluvSe that n ve 
^ o«^* _s app ea to the thus cornected r>r^d?« spas 

so.i.aerxnq, brazmq, plasma ciepositio^. 




Tne sKailsa person, however, v/ill aporecxate cnat ofefcer 
adhesive^ and coatiags, anct methods of applying thifetn, are 

The jimcticsn between two adjacent stenting rings, or even the 
adhesive or ccatiaa itself, may be Uv«3ed as & carrier: for 
drugs inhib-tmq resuynosis- The drugs can be incorporfit:ed 
ijTi".o "he aa.ieslvs arid/or coatxaq, csnd v,'il"i bs released 
therarron; in ^ dos~d i-ianner so tha:, re?tsriOsia is prevented 
fron- occurring in.s"_dft uhe ix-riien of the stent. 

T!.;,;:r.ir.9 aov; to Fic, 3, the two stenting rings aire ilixistrated 
iri th£ d.i sa?,;senibled state, As can be seen, the two tr-sle and 
remals aompieinentary fortrj- fitting portions are capable of 
snugly fitting together with the portion of reduced 
conductivity in between. The luminal surface of the bridges 
12 is flush with the luminal surface of the stentlng rings. 
This, however, is not crucial for carrying the inventive 
concept: into erfeci: , The .lunrlnai surface of the bridges -nay 
\vc-.l I be ;,ocitD'!;a radiiilly j.Ev-vardly v/iuh respect to \:.hs l■^':■^.:rkcxl 

sui;f riCi-is of. the bridges should preferably be fluah v/lch r-ho 
luminal surfaces of the rings< 
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Fig , 4 shows a connecting bridge between two comiected 
stent xng rings with male and feraale compiemenfcary forrs- 
f it ting portions forming the bridge between two stent ing 
rings according to another preferred en^odimsnt of the 
invention. The female form-fitting portion has the shape of a 
.tork. rfi-cftivnng the -riale form-fitting portion 24 within tha 
r'^cs^.s in the c&r.t:re of the fork. Due to the ?i.j,y&r cutting 
proc-sss,. bor,h male and t>;;?)ialc form- fitting poxcions csre 
f :; u.::ito- ;:on.ica.l i.y- si^ape.d. There is a gap between the male ar^d 
feriale t;jrrr;- fitting portion. If a laser is used for c'ctting, 
the size ot the maie and female form-fitting portions 
essentially corresponds to the diaiension of the laser beaT> 
focus i The Tfsale and femalsst form- fitting portions can be 
produeedv howeifer, separately, in which case the gap 
therebetween may dif fer from the di^jension of the laser 
focus. This gap accoynfce for enhanced flexibility of this 
type of structure. A laser-drilled through-hole extends 
through the male: and female form-fitting portions such that 
both tnrough-holss are in line in order to allow a pin 26 to 
be inserted therethrough tor fixation of the male form- 
ficting por".icrs t:o che teniale fornv- f i t r.ing portion. The 
througri- holes can be created by a laser beats drill, either 
under manual control under « niicroscope, or automatically 
undetr inxcrojiroceesor control. Preferably, the pin has a 
s'urf ace mads of an electrically-insuiating material, such as 
an oxide layer. It is also contetapiated to use pins 26 
fabricated entirely froTts non-conductive iifiafcerial, such as 
poiy5Tseric based materials, ceramics, etc, 

Fio, 5 iiihovvs another preferred esribodiuienr, of the bridg-r oi" 
t:;U5 i:ivention. Tv/o stent ing rings evre connec"ed vi-i ing 
porc:io:-:rf :i2 .. :<4 boch that are complesnenfcary in shr^pe .lin-:; h:ive 
i; Ihrcoc^-.o - nole tihrcugh v.hich a pin 36 can be inserted so that 
;;.-h& b:. ; -.^ge f urict.ir. as as a hinge ioint: . Again, due Co Che 
laser 0!-:.:s;r focus hav:.ng a fir.i::^ width, a gap remains- between 
r.he r,wo cosnpl en-sen iiary portions when connected, so chat r.he 
connection allows a certain degree of pivotal ■novement when 
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thia sterjt tube 1{3 advanced aiojag a tortuous pat-fc inside a 
^pdy vessel. 

Each hiTsge pin 2S, 36 may be mechanically f ixed to the 
respective ends of the two completnentary mating portions, 
such as by glueing, or TEiay be fixed in some other way, Again, 
the cyiiridrical surface of the pin is preferably 

Pig> 6 shows bridge, scruts 42, 44 provided with a bulbous 
cantilever end, 46, 43 respectively, and surroxinded by a 
shrink sleeve SO. Each of the bulbcsas encis is treated to 
provide it with an insulating oxida layer 52, S4 . The bridge 
functions soraeij^hat like a knee joint. 

In order to complete the entire stent cylinder, a plurality 
of such Btenting rings is connected in aeries. Since every 
bridge comprises a portion of reduced electrical 
conducJ: ivity , r.h^^rs is no unimpeded electrical connection 

to the nri-ghiy resistive ccnn^iic Lions between adjacsint rings, 
the assired effect is achieved, so that, Vvher^ the stent 
cylinder is exposed to am HF-signai in a MHI -imaging 
apparatus, the incidence of artefacts on the MRX~ image of the 
stent lumen, is reduced. 

Once the stent cylinder is completed by connect iiig a 
plurality of such stent ing rings iis series j and the stent 
cylinder is confined within an outer sheath ready for 
deployment, the structure of the stent cylinder, and in 
particular the structure of the bridges, according to: one 
pref i^rr-rid erfibcdirrier: t , as shown in Fig. 3, allows placenient of 
indi vidj.=; sterrc ir;.g yecticns at spaced-apcirt locaitions inside 
.5 ir-ody vessel. This is acconipli^hed by gradually rt;cvina "che 
outiez s.;-:e;u;h proxictially by an amount equal to tliy axial 
leEtg!;}" or one stenting ring- This enables the sTsedical 
practitioner to release only one stenting ring at a time so 
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that individual stenting srisgs separate<S by bridges can be 
placed at different; locstions within the ivimen of a body 
vessel. It is clear to the skil3ed person r-h«t tne s^nruotxsre: 
cJ; Tciye has "co L': yuch Lhat one stea-ina :. u.o : -^^a 

;,;e:: .u 5 i'lseJ.! irox its neighbour- r.g ^tenrir.:^ rica \-h,ls:'-. 
Che neighbouring Swenting ring is scill confinsd wichin tue. 
outer shsath, 

ihe u-j^"! "rcrt ir-r, ol xc^uced or virrs-.^illv :"• lo e.^^rcurical 
conduct :.vi::y' ;^ ta: be- corsscr-ied such chv^c Che eXeccricsl 
conducr,lyity of that: portion between two bra-dge struts facing 
each other on t^m adjacent rinos is substa-ritially less, i.e. 
at least an order of magnitude lower, than the electrical 
cojreductivity of the stent irsg rings. Ideally, no electrical 
continuity exists bevween two adjacent rings, and therefoi^e 
between the: two axial ends of the stent, but In reality there 
•raist inevitably be scTe rssjduai conduct.- vity, 

II- ir a'.so c. -.' eicv od ztaz ch--- porcion of reauced 
crria-o. I :,v; i . ; or- <>:it : rsi y , :5r at least in part, wrrj-^eo. r>- 
irodiiyxn^ the cnefiucal composition of the abutmeni. suriau'es 
o£ the protruding struts of the roetal structure, r-'.oaif ving 
the chemical composition can be achieved by doping, ion rjearo 
epitaxy i ion bonabardtrsent, etc, all of which result in a 
modified electrical conductivity o£ the surface porcion o£ 
the itietal structure exposed to such treatment* 

Arranging the bridge length non-paraliel to the stent length 
can increase the bridge length relative to the spacing 
bev.ween vh-r two ad j scene ?tent rings connecced by the Lrid-je 
d:..' ih.;.- ".-y.-. '.^Mioth r--- j-e*"!.!!, il the bridge i3 nwde 

elecr f: o.=:lIy non- or poorly --coaducLive, zo enhance electrica.. 
iisolafcien between- adjacent rings. 

Further bridge des,.t!r! pcssBibilities to improve visibxlity of 
Lhe stent lumen by ?<1HX >T!ay include: 
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local iy reduced bridge cross- sect. iorsal area; 
^ deep meander v/ithin the bridge length, to create anti- 
. parallel bridge length portions which influence the 
electrical performance of the bridge element: in an HF 
field such as is preserst during HRI procedures; 
;T!odi ;i cat ions the surface cf "-.h?; bridge,, to 

cxeacing within the bridge inductiori-rii'lated or 
resonance -related electro -magnetic effects, possibly by 
judicious selection of specific ring strucfetires for 
coRibination with specific bridge structures, and 
particular locations of the bridges with respect to the 
r-inga. 

The skilled person will appreciate that, although the 
invention is primarily directed to tuhulai radiaiiv 
expansible ^Tietal strvictuxxn;, such as sc'snla. n-ay i^Iso be 
applif.---: guide wires used in catheter "Ldse.u ,-.;urgery. Sixcih 

ihii '^c^dii v/ire. It is thought that providing a cor-duct.i vity 
breaK st least every 20am along the distal part at the 
guidev;ir-3 length will allow the guidewire to merit the 
designation "MRI -compatible" - 

The scope of pror.sction of the claims which follow ib net to 
be iisrited to the embodiments described in detail above. 
Header:- will appreciaste that the detailed descripi/ion Is to 
assist: the skilled reader in realising artibodiii-;ents with.in the 
scope of the clairsis rather than to set a limit on the scope 
of prptection. 



25 

claims s 

1, A uubular radially expansible metal scruccure {2) having 
an ab.lAimi.nal major wail surface, s luminal major wall 
surface and radial wail thicknsss "hftrtifcet'-veen , v,.iLh 
st.ruC!s (3) deriniiig Lhroiigh-aperi;:ure.s ,3.a U!;e v/ai.! , the 
sstruct.ure further having a longitudinal axis and 
d-i-jfiinxng <■! pluralit;-/ ac exparssible rings {4} ar:.rax\ge6. 
adiacsnr. one another aicno t hft 3 ongitudinal axis of the 
structure, each of the .rings (4) derining at least one 
bridge strut (.,14A, 14S) and ad^ac^nt rings being linked 
hy at least one bridge U2) formed by co-operation 
between adjacent bridge struts (14A, 14 B) on adjacent 
rings (4 ) , 

characterisefS in that 

o cr ^y. ib^cs ie«>i.et- <''£c„r-.cal 

V- ^. _w 1 1 K 1 ^ tne >tfa^ t "ic e-i5 « "s 
i-- - . r ^.. ci-.tv' of i>rio b fici^jfo, -i tr ^'f 5 . I l 

,1? Ic q„ o~ tne V ubulc*- s-tu-Urc aac ^^^n^^-j^x^^ v 
<4t- un<a cizvide the tubu'at structure intw v,xi<i-„v 
spacsd. and electr-ically insulated sectxons. 

2, the sstructur^i according to claim 1, wherein the bridge 
{12} comprises inter-engaged joint port ions. 

3, The structiiire according to claims 1 or 2, whereia the 
bridge (12) comprises completrjentary mfcipg portions 

4.. The si:rx;ct.ure according to clairt; 3, wherein the mating 
portions (ISA, ISBi axre rr.g-;le-f etr^ale form- titting 
poi-tioiis . 
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5, Tijfe structure according to claim 4, wherein the foxTR- 
Sittir.g portions have a f rusto-ccnic<il shape. 

cture according to claims 4 or 5, wherein tJie 
-1 - t^rr^rg port, .an cotr.prises a macxng he^ld 
v.C---\) hav\:-!-< a'-, arc .51 e end sur.i-iC'j,- and the 
.-a f\-t..:.^; , \~ ^ roi ir;es a ;!,.-.::ing arcuate 
ion {16B) witn i;; rebated internal abutnient 
CO receive the arcuate head pGrtion. 

7. The structure according to any one of ciaims 3 to 6, 
wherein at least one of the mating portions carries a 
biocompatifoie adhesi?s^e for enhancing the rigidity of the 
bridge. 

8 . Ths structure according to any one of the preceding 
oJaift^s, wherein the por*; ion of reduced electrical 
conductivi;:y canpr 3 ssrv a xxjt t^on, in v;hich the rhoirdca.1 

9. T'u^ tSfc^".fj.XQ a::ccro"ing to on= of claisr^s 3 to 8, wherea.n 
sihe pomcn o: r^du-ed eleccrical conductivity comprises-h 
a conduce ivicy reducing layer on an abutment svii-face of 
at ieast one: of the complementary mating portions. 

10. The struet'ur« according to aijy one of the preoeding 
claiffss, wherein the conductivity reducing portion 
comprisss an oxide layer, 

11. i-Lf- str^^cture accordlnv? to cla.iT. I, where^^n said cridgss 
i \p'. '• ^l-ifivft {■^() ronr.e-teci tc: aajarer.t. oj'idge 
struts 542, 44;, and wherein sa:id bridge struct s are 
spaced apart within: said sleeve, 

12 . The structure according to any one of the preceding 
cl5\ms, v/h^rein nhe length axis at the bridge is not 
parallel to the longitudinal axis of the structure. 
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13 . The structure according to any one of the preceding 
claims?, whereirj the bridge has the sh<ipe of. a meander. 

14, The slEucLur;;: acccrdiag to any on-i; of nhe pr :=ce;:h.og 
claims, w>3ir:reln. the rings have ;;.he ahape oi' aiearifiex . 

:.5, The ffir.ructure according to claitti 14, wherein the nun-iar 
oi: b;f:.;do-rS contiecl ing one ring with an adjacentt. ring is 
isss thaxi the r:u;{*er of meanders ixi one: ring. 

16 . The strxicture a^ccording to any one of the preceding 

claims, whersin the shape of the bridge resesiiblss thst 
of an "S" . 

17. Tfee structure accordihg to any one o£ the preceding 
claims, whsreiih the aitifuctiire is made of ^ nickel 
tltaniusr. shape -memory ailoy, 

18. The struct !■ re according to any one or" c'.^.nii , ro 16. 
v.'hereln the structure is made of sfcainleB;i: iteel - 

19. The structure according to any one ot tise prfccsdiag 
claisiSy wherein the structure is a roedicai stent . 

20 . A method of manufacturing a tubular radiaiXy expansible 
metal structure (2) having an. ablyminal major wail 
surface, a liiminal snajor wall surface and a radial wall 
thiekftess therebetween, the method cotnprising the steps 
Gf ; 

forv.iing a pl-arality of expansible rings 14 ■ so th.;'.t rhe 

c-:;^:;: f-irranged a:;iacent ODf^: anor.her -.l;.-no. th>;: 

lonqitudinal axis ot the structure, and that eacn of. 
rihc|e def ine at least one bridge strut {14A, 14B) ; 
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forrfiing bridges (12) between adiacent rings by 
approximating respective bridQe stsrut-s (14A, of, 
adjacant. rings; 

characterised by the step of 

furnishina saia br-,.:.;sx-s -r-ic:; riiij .'tnd its 

ad'lAoent: ring with reduced e".i er. t. r : s~ :;!-;duc': iv;. vv 
l.h-.-ou,>-hr.-5.:;: t h-? v^all tro.c. kri-;?s,s . ^rucrh t r.^^r -.here are ;^ 
rior-slity bridges distributed throughouL the ienqrh 
of the tubular structure, and arranged and configured to 
divide the feubular structure into axially spaced and 
elect rxcai iy insxji ar,ed sect ions 

21. Ths method according to claim 20, wherein the step of 
fosTRjing the expansible rings Includes the steps of : 

providing a tubular workpiece; 

mounting the ttibuiar workpisice on « support ; and 

ia3©r-cuttiiig che v/orkpiece to form meandex's the 
xinga arranged lox^gitud: nally adjacent one another, esch 
having a flrsr. end and a second snd, and at least one 
cosiplenfientary mating portion ilSh) arranged on said 
first end of each of said rings to mate: with a 
oomplementary mating portion (XSB) on the second end of 
the adjacent ring. 

22. The T!^etnod according to claim 20 or 21, wherein the. step 
of iinkung o^cn or tht-.- rings wxu-h an adjacent ring by at 

Is.sst one briage includes the st:eps of; 

w,^L=.i;e;: V -bach brrUl^e Includes a conductivity reducing 
layer v;hich constitutes said portion of reduced 
conductivity,. 
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23. The iixethod according to claim 20 or 21^ wherein the step 

Qt linking each of the rings with an adjacent ring by at 

least one bridge inciuds;s the steps of; 

providing an insuistiisg slee^'-e (50) ; and 

nwunting ;;:-u::a s-i^ev? adjacenc bridge struts (42,, 

44) on adjacent: rlncd o--:h ' hat r.h« bridge struts ar-e 

sjpac&d apart, ^vithin said sisevs, 

h n?s:thoo of. vissuaiisias a lumen supported by a tubuiax 
metal structure (S) deployed in a bodily lumen, the 
method including the step of : 

subjecting, said bodily lumen to an MRI iinaging 
technique,, said tubular structure (2) comprieing a 
plurality of rings (4) arranged adjacent one another 
along ths longitudinal axis of the structure, each ring 
being linked vith an adjacent ring by at least one 
bridge (12) e>i.ri-i.bit5,n-q sfuduced conductivity thcoughoat 
rh^: W'5,s.; chickr.ess oi the 5jCx:uct:ure, -he pIuraT-iLy c£ 

.■.dy!i.>v faring cwr.figursd and arranged to divide^ tiie 
lulu-..;: \ i; r.uc"ure into axially spaced and elsc^rically 
ir;r.- -r -...^ .ec Lions, v/hsreby artefacts m the MRi-ittiage 
ari~..:i9 from said tubular structure are reduced. 



